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A 
ABC transporters 
sulfur metabolism 
and, 155—56 
Abcisic acid 
sugar sensing and, 49, 
67-68 
Aberrant promoter transcripts 
transgene silencing and, 
171, 177 
ABFCD locus 
biotin metabolism and, 28 
Abscisic acid 
growth retardants and, 501 
A-B symmetry 
development of symmetry 
and, 349-54 
acc genes 
biotin metabolism and, 24 
Accumulation 
selenium in higher plants 
and, 401, 403-4, 414-15 
Acetabularia spp 
roots and cytoskeleton, 294 
Acetosyringone 
T-DNA transfer and 
integration, 240 
Acetyl-CoA carboxylases 
biotin metabolism and, 17, 
22-28 
Acetylation 
roots and cytoskeleton, 
301, 309 
T-DNA transfer and 
integration, 229 
ACT genes 
roots and cytoskeleton, 301 
Actin 
phloem transport and, 335 
roots and cytoskeleton, 
289-310 


signaling to cytoskeleton 
actin-binding proteins as 
sensors of cellular 
environment, 258-60 
filaments, 274-77 
fungal invasion, 270—74 
future research, 277 
introduction, 258 
ion channels, 274-77 
light-induced chloroplast 
anchoring and 
movement, 267-70 
pollen tube tip growth, 
260-64 
root hair growth changes 
in response to Rhizobium 
Nod factors, 264-67 
self-incompatibility 
response, 260-64 
stomatal opening and 
closing, 274-77 
Active oxygen species 
signaling to actin 
cytoskeleton and, 273-74 
Active transport 
Ca*+ ATPases and, 433-56 
Actomyosin 
signaling to actin 
cytoskeleton and, 269 
acv genes 
T-DNA transfer and 
integration, 228-29 
Acylcyclohexanediones 
growth retardants and, 501, 
510-12 
Additivity 
high salinity and, 463-83 
Adenosine diphosphate 
(ADP) 
chloroplast ATP synthase 
and, 83-104 


nonphotosynthetic 
metabolism in plastids 
and, 125-27 


Adenosine phosphoselenate 


selenium in higher plants 
and, 409-11 


Adenosine triphosphate 


(ATP) 
chloroplast ATP synthase 
and, 83-104 
nonphotosynthetic 
metabolism in plastids 
and, 125-27 
signaling to actin 
cytoskeleton and, 258-59, 
263 
sulfur metabolism and, 144 
Adenylation 
sulfur metabolism and, 
144, 146 
ADF/cofilin 
signaling to actin 
cytoskeleton and, 259, 
274 
ADF factor 
signaling to actin 
cytoskeleton and, 263 
Adiantum spp 
signaling to actin 
cytoskeleton and, 267-68 
Aegilops spp. 
cereal chromosome 
structure and, 196, 207, 
209, 212-13 
Aesculus spp. 
roots and cytoskeleton, 
298, 301 
Agrobacterium rhizogenes 
T-DNA transfer and 
integration, 240 
Agrobacterium tumefaciens 
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phloem transport and, 
334-35 
T-DNA transfer and 
integration, 223-43 
transgene silencing and, 
187 
Agrostemma githago 
growth retardants and, 510 
Alanine 
biotin metabolism and, 18, 
35 
thioredoxin systems and, 
383 
Algae 
development of symmetry 
and, 350-51 
growth retardants and, 520 
roots and cytoskeleton, 
293, 302 
selenium in higher plants 
and, 418 
signaling to actin 
cytoskeleton and, 268-69 
sulfur metabolism and, 
145, 147 
thioredoxin systems and, 
372, 374-76, 378, 382, 
386 
Allelism 
high salinity and, 463-83 
Allopolyploidy 
cereal chromosome 
structure and, 195 
Aloe vera 
selenium in higher plants 
and, 408 
Amino acids 
biotin metabolism and, 
37 
chloroplast ATP synthase 
and, 87-89, 92, 98 
high salinity and, 475 
history of research, 9-11 
nonphotosynthetic 
metabolism in plastids 
and, 111, 122-24 
roots and cytoskeleton, 301 


selenium in higher plants 
and, 404-22 
sugar sensing and, 55, 62 
sulfur metabolism and, 
141-51, 154-57 
T-DNA transfer and 
integration, 225, 232 
thioredoxin systems and, 
372, 374, 377-79, 
381-87, 389 
Amino terminal domain 
Ca** ATPases and, 433-56 
AMO-1618 
growth retardants and, 501, 
505, 507-8 
Ampicillin 
selenium in higher plants 
and, 419 
Amplification 
phloem transport and, 
323-42 
Amylases 
sugar sensing and, 64-65, 
68, 70 
Amyloplasts 
nonphotosynthetic 
metabolism in plastids 
and, 114-15 
roots and cytoskeleton, 307 
Anabolic pathways 
nonphotosynthetic 
metabolism in plastids 
and, 111-32 
Anchoring 
light-induced chloroplast 
signaling to actin 
cytoskeleton and, 267—70 
Ancymidol 
growth retardants and, 501, 
508-10 
Angiosperms 
cereal chromosome 
structure and, 195-213 


development of symmetry 
and, 351 

signaling to actin 
cytoskeleton and, 267-69 


Annealing 
roots and cytoskeleton, 293 
ANT gene 
development of symmetry 
and, 357 
Anthocyanins 
roots and cytoskeleton, 309 
sulfur metabolism and, 157 
Antibiotics 
selenium in higher plants 
and, 418-19 
signaling to actin 
cytoskeleton and, 260-62, 
269 
T-DNA transfer and 
integration, 236 
Antibodies 
biotin metabolism and, 32 
chloroplast ATP synthase 
and, 87 
roots and cytoskeleton, 
291, 294, 301, 309 
Antirrhinum spp. 
development of symmetry 
and, 360-61, 363-65 
Antisense RNA 
transgene silencing and, 
167, 172, 181-83 
Apical—basal axes 
development of symmetry 
and, 349-65 
Apium graveolens dulce 
growth retardants and, 518 
Apoplastic loading 
phloem transport and, 
325-28 
Apoplasts 
roots and cytoskeleton, 
289-310 
sulfur metabolism and, 
156-57 
apsl gene 
selenium in higher plants 
and, 409 
Arabidopsis thaliana 
biotin metabolism and, 
29-33, 36 





SUBJECT INDEX 535 





Ca**+ ATPases and, 433-56 

cereal chromosome 
structure and, 198-99, 
203 

development of symmetry 
and, 351-63 

high salinity and, 463-83 

nonphotosynthetic 
metabolism in plastids 
and, 126, 128 

phloem transport and, 329, 
34] 

roots and cytoskeleton, 
297, 299, 301-2, 305, 
308-10 

selenium in higher plants 
and, 405, 408, 410, 412, 
417 

signaling to actin 
cytoskeleton and, 259, 
269, 275, 277 

sugar sensing and, 49-71 

sulfur metabolism and, 
144-46, 150, 155, 157 

T-DNA transfer and 
integration, 230, 232, 234, 
236-43 

thinredoxin systems and, 
$73-—75, 381-82, 385, 388 

transgene silencing and, 
168, 173-76, 180-88 

Arabinogalactan protein 
T-DNA transfer and 
integration, 231 
Archaeoglobus fulgidus 
thioredoxin systems and, 


lela! 


2 
ARG! gene 
roots and cytoskeleton, 308 
Aryloxyphenoxypropionates 
biotin metabolism and, 
2324 
Arylsulfatase 
sulfur metabolism and, 
151, 153 
Asparagine 


biotin metabolism and, 21 


Assimilation 
selenium in higher plants 
and, 409-15 
Aster spp. 
selenium in higher plants 
and, 404 
Astragalus spp. 
selenium in higher plants 
and, 4034, 406-7, 
415-18, 421 
Asymmetry 
development of symmetry 
and, 349-65 
AtACA2 


Ca?+ ATPases and, 433-56 


ATB2 gene 
sugar sensing and, 54—55 
AtLTP] gene 
development of symmetry 
and, 355 
AtMLI gene 
development of symmetry 
and, 353, 356 
ATP/ADP transporter 
nonphotosynthetic 
metabolism in plastids 
and, 125-27 
ATP sulfurylase 
selenium in higher plants 
and, 409-10, 421-22 
ATP synthase 
chloroplast 
analysis of evidence for 
rotation, 98—103 
ATPase and ATP 
synthesis, 94-98 
catalytic mechanisms, 
96-98 
catalytic sites, 92-94 
CF1, 84-86 
conclusions, 103-4 
electron microscopy, 
86-87 
fluorescence resonance 
energy transfer, 87-89 
future research, 103-4 
high-resolution 


structures, 89-91 
introduction, 83-84 
low-resolution 
structures, 86-89 
noncatalytic sites, 92-94 
nucleotide binding and 
activities, 92-96 
structure, 84—92 
subunit composition and 
asymmetry, 84-86 
thioredoxin systems and, 
383-84 
ATPases 
Ca’ 
yeast and, 433-56 
chloroplast ATP synthase 
and, 83-104 
signaling to actin 
cytoskeleton and, 277 
sulfur metabolism and, 
145 
Atriplex spp. 
high salinity and, 465, 473 
selenium in higher plants 
and, 40344 
attR gene 
T-DNA transfer and 
integration, 229 
Autoinhibition 
Ca** ATPases and, 433-56 
Autopolyploidy 
cereal chromosome 
structure and, 195 
Auxins 


development of symmetry 
and, 353-54, 357 
Axenic plants 


selenium in higher plants 
and, 419 
Axes 
development of symmetry 
and, 349-65 
Azolla spp 
roots and cytoskeleton, 
292, 302, 304 
selenium in higher plants 
and, 418 
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B 
Bacillus sphearicus 
biotin metabolism and, 
28-29, 32 
Bacteria 
biotin metabolism and, 21, 
23-26, 28-34, 36 
chloroplast ATP synthase 
and, 98 
selenium in higher plants 
and, 407-8, 411, 417-20, 
422 
signaling to actin 
cytoskeleton and, 
264-67 
sugar sensing and, 50 
sulfur metabolism and, 143 
T-DNA transfer and 
integration, 223-43 
thioredoxin systems and, 
372-74, 378, 386, 388-89 
BDL gene 
development of symmetry 
and, 353 
Bilateral symmetry 
development of symmetry 
and, 356-59 
bio locus 
biotin metabolism and, 
28-31 
Biotin metabolism 
acetyl-CoA carboxylase, 
22-28 
biotin biosynthetic 
pathway, 28-31 
biotin cycle, 19 
biotin holocarboxylase 
synthetase, 31-33 
conclusions, 37 
introduction, 17—19 
methylcrotonoyl-CoA 
carboxylase, 19-22 
protein biotinylation and, 
33-34 
protein lipoylation and, 
33-34 


seed-specific biotinylated 


proteins and, 35—37 
birA gene 
biotin metabolism and, 32 
Blue light receptors 
signaling to actin 
cytoskeleton and, 267, 
269 
Botrytis spp 
signaling to actin 
cytoskeleton and, 271, 
273 
Brachypodium sylvaticum 
cereal chromosome 
structure and, 196 
Bradyrhizobium spp. 
roots and cytoskeleton, 
302 
Brassica juncea 
development of symmetry 
and, 357 
selenium in higher plants 
and, 404, 421 
Brassica napus 
biotin metabolism and, 24 
nonphotosynthetic 
metabolism in plastids 
and, 120 
selenium in higher plants 
and, 404 
sulfur metabolism and, 150 
transgene silencing and, 
177, 183 
Brassica spp 
thioredoxin systems and, 
375 
Brassinosteroids 
growth retardants and, 519 
Bridging 
roots and cytoskeleton, 293 
selenium in higher plants 
and, 417 
sugar sensing and, 60 
thioredoxin systems and, 
384, 389 
bronze-2 mutant 
sulfur metabolism and, 
157 


Cc 
Ca** 

high salinity and, 473 

roots and cytoskeleton, 293 


signaling to actin 


cytoskeleton and, 261, 
263-64, 266-67, 275 
sugar sensing and, 53, 58 


Ca**-pumping ATPases 
yeast and 
active Ca transporters, 
437-38 
AtACA2, 450-55 
AtECA1, 446-48 
AtECA2, 448 
calmodulin-stimulated 
Ca** pumps, 440-43, 
451-55 
conclusions, 455-56 
endomembrane, 441 
expression of plant Ca** 
pumps in yeast, 443-46 
functional classification, 
438-43 
H*/Ca?* antiporter, 
37-38 
IIA (ER-type) pumps, 
438-40, 443, 446-49 
IIB (PM-type) pumps, 
438-40, 443, 449-55 
introduction, 434-38 
K616 yeast mutant, 446 
modulation of activity, 
448-49 
molecular classification, 
438-43 
N-terminal 
autoinhibitory and 
calmodulin-binding 
domains, 449-50 
phosphorylation at 
N-terminal domain 
blocks calmodulin 
activation of AtACA2, 
450-51 
plasma membrane, 441, 
443 
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regulation of 
Ca**+ dynamics, 434-37 
removal of 
autoinhibitory region 
activates Ca*+ pumps at 
PM and vacuole, 449 
transcriptional 
regulation, 448 
vacuolar, 441 
wild-type yeast, 443-45 
CAB gene 
sugar sensing and, 57 
Cables 
microtubule 
roots and cytoskeleton, 298 
cad genes 
sulfur metabolism and, 157 
Cadmium 
sulfur metabolism and, 157 
cai gene 
sugar sensing and, 51-53 
Callose 
roots and cytoskeleton, 298 
Calmodulin 
Ca**+ ATPases and, 433-56 
roots and cytoskeleton, 293 
Calvin cycle 


thioredoxin systems and, 
379-80 


CaMV 


transgene silencing and, 
171, 177-78, 183-84 
Carbohydrates 
nonphotosynthetic 
metabolism in plastids 
and, 124-25 
sugar sensing and, 49-71 
Carbon 
sulfur metabolism and, 142 
Carbon dioxide (CO>) 
biotin metabolism and, 17 
nonphotosynthetic 
metabolism in plastids 
and, 129-31 
signaling to actin 
cytoskeleton and, 275 
sugar sensing and, 68-69 


thioredoxin systems and, 
385 
Carboxylases 
biotin metabolism and, 17, 
19-28 
Carriers 
sulfur metabolism and, 
156-57 
Castilleja spp. 
selenium in higher plants 
and, 404 
Catabolism 
biotin metabolism and, 17, 
21 
sulfur metabolism and, 152 
Catalytic sites 
chloroplast ATP synthase 
and, 92-94, 96-98 
Catharanthus roseus 
selenium in higher plants 
and, 412 
Ca** 
thioredoxin systems and, 
375 
Cell file generation 
roots and cytoskeleton, 
302-3 
Cell structure 
roots and cytoskeleton, 
307-8 
Cellular identity 
roots and cytoskeleton, 
289-310 
Cell wall protein 
T-DNA transfer and 
integration, 231 
Cellulose 
roots and cytoskeleton, 
291, 293 
Cellulose synthase-like 
protein 
T-DNA transfer and 
integration, 231 
Centromeres 
cereal chromosome 
structure and, 195, 198, 
204-5 


roots and cytoskeleton, 293 
centroradialis mutant 
development of symmetry 
and, 365 
Cereal chromosome 
chromosome pairing, 
205-6 
allopolyploidy, 207-8 
autotetraploidy, 207 
diploidy, 205-7, 209 
pairing models, 211-13 
Ph1 locus, 209-11 
recombination, 210-11 
conclusions, 213 
genome organization 
base composition, 197 
centromeres, 204—5 
chromosome evolution, 
204-5 
dispersed repetitive 
sequences, 199-200 
gene distribution, 
197-99 
gene order, 201-2 
genome size, 196 
long tandem arrays, 
200-1 
maize genome, 203-4 
telomeres, 204-5 
introduction, 195-96 
Cereal seed germination 
sugar sensing and, 65-66 
CF1CFo 
chloroplast ATP synthase 
and, 83-104 
Chaperones 
T-DNA transfer and 
integration, 226 
Chenopodium rubrum 
sugar sensing and, 55-56, 
59 
Chlamydia trachomatis 
nonphotosynthetic 
metabolism in plastids 
and, 126 
Chlamydomonas reinhardtii 
sulfur metabolism and, 
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146, 151-53 
thioredoxin systems and, 
374-76, 378, 382, 386 
Chlamydomonas spp. 
sugar sensing and, 63 
Chlorella kessleri 
sugar sensing and, 55 
Chlorella vulgaris 
history of research, 6 
sulfur metabolism and, 145 
Chlormequat chloride 
growth retardants and, 501, 
505, 507-8 
Chlorophyll 
selenium in higher plants 
and, 417 
Chloroplasts 
ATP synthase and, 84-104 
biotin metabolism and, 
32-33 
nonphotosynthetic 
metabolism in plastids 
and, 111-32 
selenium in higher plants 
and, 410 
signaling to actin 
cytoskeleton and, 267-70 
sulfur metabolism and, 
149, 153 
thioredoxin systems and, 
376-86, 389 
Chlorphonium 
growth retardants and, 501, 
505, 507-8 
Chlortetracycline 
selenium in higher plants 
and, 419 
Choline 
sulfur metabolism and, 146 
Chromatin condensation 
transgene silencing and, 
167, 187 
Chromosomes 
cereal 
structure, evolution, and 
pairing, 195-213 
transgene silencing and, 


167-89 
Chrysanthemum spp. 
cereal chromosome 
structure and, 212 
CHS genes 
transgene silencing and, 
181 
chv genes 
T-DNA transfer and 
integration, 229-30 
cin4 gene 
cereal chromosome 
structure and, 199 
Circular organizational 
relationship 
cereal chromosome 
structure and, 203 
Citrus sinensis 
selenium in higher plants 
and, 408 
Clathrin-coated pits 
signaling to actin 
cytoskeleton and, 261 
Closterium spp 
roots and cytoskeleton, 293 
CmPP 16 protein 
phloem transport and, 330 
cobra gene 
roots and cytoskeleton, 309 
Codium fragile 
nonphotosynthetic 
metabolism in plastids 
and, 130 
Cofactors 
nonphotosynthetic 
metabolism in plastids 
and, 121-22 
Colchicine 
roots and cytoskeleton, 307 
T-DNA transfer and 
integration, 241 
Coleus blumei 


selenium in higher plants 
and, 412 
Collar 


filament 


signaling to actin 


cytoskeleton and, 261-62 
Comandra spp. 
selenium in higher plants 
and, 404 
Commelina communis 
signaling to actin 
cytoskeleton and, 275 
Companion complex 
phloem transport and, 
323-24, 328, 337 
Contamination 
selenium in higher plants 
and, 401, 419-20 
Contraction 
root 
roots and cytoskeleton, 
305-6 
COP! gene 
sugar sensing and, 55 
Copalyl-diphosphate synthase 
growth retardants and, 501, 
505, 507-8 
Coronin 
signaling to actin 
cytoskeleton and, 274 
Cortical microtubules 
roots and cytoskeleton, 
291-95 
Co-suppression 
phloem transport and, 335 
transgene silencing and, 
179 
Cotyledons 
development of symmetry 
and, 360 
T-DNA transfer and 
integration, 241 
CpG islands 
cereal chromosome 
structure and, 197 
Cre-lox system 
transgene silencing and, 
173, 181 
Crops 
growth retardants and, 
501-21 
Cross-talk 





SUBJECT INDEX 539 





nonphotosynthetic 
metabolism in plastids 
and, 127-28 
Crown gall tumorigenesis 
T-DNA transfer and 
integration, 223-43 
Cryptochrome 
signaling to actin 
cytoskeleton and, 269 
ctr gene 
Sugar sensing and, 67 
CUC genes 
development of symmetry 
and, 357-58 
Cucumoviruses 
transgene silencing and, 
180 
Cucurbita maxima 
growth retardants and, 507 
phloem transport and, 329, 
332. 335-36 
‘ucurbita sativus 
phloem transport and, 336 
‘uphea wrightii 
nonphotosynthetic 
metabolism in plastids 
and, 120, 122 
‘urvilinear root growth 
roots and cytoskeleton, 
306 
“yclases 
growth retardants and, 501, 
505. 507-8 
yclohexanediones 
biotin metabolism and, 
23-24 
*"ycloheximide 
roots and cytoskeleton, 294 
yd gene 
roots and cytoskeleton, 310 
cys genes 
sulfur metabolism and, 145 
Cysteine 
chloroplast ATP synthase 
and, 87-89, 98 
selenium in higher plants 
and, 407-9, 411-18, 420, 


422 
sulfur metabolism and, 
141-46, 148-51, 154-57 
thioredoxin systems and, 
372, 374, 377-79, 
381-86, 389 
cyt-] gene 
roots and cytoskeleton, 309 
Cytochalasin D 
roots and cytoskeleton, 
294, 304, 307 
signaling to actin 
cytoskeleton and, 260-61, 
266, 273, 275-76 
Cytochrome P450 
T-DNA transfer and 
integration, 227 
Cytochrome P450 
monooxygenases 
growth retardants and, 501, 
508-10 
sulfur metabolism and, 155 
Cytokinins 
sugar sensing and, 69 
Cytoplasm 
roots and cytoskeleton, 
289-310 
signaling to actin 
cytoskeleton and, 257-77 
sulfur metabolism and, 146 
T-DNA transfer and 
integration, 230, 238 
thioredoxin systems and, 
371-89 
transgene silencing and, 
169 
Cytoskeleton 
actin 
signaling to, 257, 259-77 
root growth and 
morphogenesis, 289-310 
roots and cytoskeleton, 297 
Cytosol 
nonphotosynthetic 
metabolism in plastids 
and, 111-32 
selenium in higher plants 


and, 413 

signaling to actin 
cytoskeleton and, 261, 
264, 266-67, 274 

sugar sensing and, 54, 57, 
64 

sulfur metabolism and, 
153, 155-57 

thioredoxin systems and, 
385 

transgene silencing and, 
169 


D 
d5 gene 
roots and cytoskeleton, 308 
Daminozide 
growth retardants and, 501, 
510-12 
ddm genes 
transgene silencing and, 
174-75, 177-78, 180, 188 
Degradation 
sulfur metabolism and, 
141, 154-56 
transgene silencing and, 
167 
del2 gene 
cereal chromosome 
structure and, 199 
Dephosphorylation 
signaling to actin 
cytoskeleton and, 275 
Depolymerization 
signaling to actin 
cytoskeleton and, 259-60, 
263-64, 275, 277 
DET! gene 
sugar sensing and, 55 
Detergents 


selenium in higher plants 
and, 422 
T-DNA transfer and 
integration, 228 
Dethobiotin 
biotin metabolism and, 19 
Development 
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nonphotosynthetic 
metabolism in plastids 
and, 111-32 
roots and cytoskeleton, 
302-3, 308-10 
sugar sensing and, 49, 
65-66, 69 
symmetry and, 349-65 
Dicots 
biotin metabolism and, 18 
24, 26 
development of symmetry 
and, 355 
roots and cytoskeleton, 299 
signaling to actin 
cytoskeleton and, 274 
16, 17-Dihydro-GAs 
growth retardants and, 501, 
512-14 
Diltiazem 
sugar sensing and, 59 
Dimethylselenoniopriopionate 
(DMSe) 
selenium in higher plants 
and, 412-13 
Dinitroaniline 
roots and cytoskeleton, 300 
Dinitrophenol 
selenium in higher plants 
and, 406 
sulfur metabolism and, 154 
Dioxygenases 
growth retardants and, 501, 
510-14 
Diploidy 
cereal chromosome 
structure and, 205-9 
Dispersed repetitive 
sequences 
cereal chromosome 
structure and, 199-200 
Disulfide/dithiol interchange 
reactions 
thioredoxin systems and, 
371-89 
Dithiothreitol 
selenium in higher plants 


and, 414 
thioredoxin systems and, 
381 
DIV.gene 
development of symmetry 
and, 365 
Dnase | 


signaling to actin 


cytoskeleton and, 274 
DNA viruses 
transgene silencing and, 
167-68, 171, 177-78, 
183-85, 187 
Dorsal—ventral assymetry 


development of assymetry 
and, 361-62, 364-65 
Double-stranded DNA 
(dsDNA) 
transgene silencing and, 
167 
Downstream controlled 
effector genes 
high salinity and, 483 
Drosophila melanogaster 
cereal chromosome 
structure and, 199, 212 
development of symmetry 
and, 352 
high salinity and, 478 
T-DNA transfer and 
integration, 233 
transgene silencing and, 
169 
Dryopteris spp 
development of symmetry 
and, 359 
Dunaliella spp 
high salinity and, 465 


E 
Electrochemical proton 
gradient 
chloroplast ATP synthase 
and, 83-104 
Eleusine indica 
roots and cytoskeleton, 300 
Embryogenesis 


development of symmetry 
and, 349-65 
Endocytosis 
high salinity and, 473 
Endogenous repetitive 
sequences 
transgene silencing and, 
171, 174 
Endonucleases 
T-DNA transfer and 
integration, 226 
Endoplasmic microtubules 
roots and cytoskeleton, 
295-97 
Endoplasmic reticulum 
Ca** ATPases and, 433-56 
roots and cytoskeleton, 307 
Endosperm protein hydrolysis 
history of research, 12, 13 
Ent-kaurene synthase 
growth retardants and, 501, 
505, 507-8 
Ent-kaurenoic acid 
growth retardants and, 501, 
508-10 
Environmental conditions 
selenium in higher plants 
and, 401, 419-20 
sulfur metabolism and, 
141-58 
Epigenetic silencing 
transgenes and, 167-89 
Epistasis 
high salinity and, 463-83 
Erodium moschatum 
biotin metabolism and, 24, 
26 
Erwinia amylovora 
growth retardants and, 520 
Erysiphe spp 
signaling to actin 
cytoskeleton and, 271 
Escherichia coli 
biotin metabolism and, 
23-26, 28-34 
chloroplast ATP synthase 
and, 88 
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nonphotosynthetic 
metabolism in plastids 
and, 126, 128 
phloem transport and, 333 
selenium in higher plants 
and, 404, 411, 417 
sulfur metabolism and, 
145, 147-48, 151 
thioredoxin systems and, 
372-74, 378, 386, 388-89 
Essentiality 
selenium in higher plants 
and, 401, 407-9 
Ethanol 
selenium in higher plants 
and, 419 
Ethylene 
growth retardants and, 501 
roots and cytoskeleton, 
306, 308 
sugar sensing and, 49, 67 
etr gene 
sugar sensing and, 67 
Eucalyptus glomus 
roots and cytoskeleton, 301 
Eucalyptus nitens 


growth retardants and, 508, 


Eukaryotes 
unicellular 
high salinity and, 463-83 
Evolution 
cereal chromosome 
structure and, 195-213 
exoC gene 
l-DNA transfer and 
integration, 229 
Extrachromosomal 
replication 
transgene silencing and, 
167 


F 
F1Fo 
chloroplast ATP synthase 
and, 83-104 
] 


jackeil gene 


development of symmetry 
and, 353 
fass gene 
development of symmetry 
and, 355 
roots and cytoskeleton, 308 
Fatty acids 
biotin metabolism and, 18, 
22-23, 26-28 
nonphotosynthetic 
metabolism in plastids 
and, 111, 119-22 
selenium in higher plants 
and, 422 
Ferredoxin:thioredoxin 
reductase 
thioredoxin systems and, 
371-89 
Festuca rubra 
biotin metabolism and, 23 
Filaments 
actin 
signaling to actin 
cytoskeleton and, 274-77 
Flaveria spp. 
thioredoxin systems and, 
384 
Flavonoids 
growth retardants and, 501, 
519-20 
signaling to actin 
cytoskeleton and, 264 
Flowers 
development of symmetry 
and, 349-65 
Fluorescence resonance 
energy transfer 
chloroplast ATP synthase 
and, 87-89 
Flurprimidol 
growth retardants and, 5 
508-10 
Fructose 
sugar sensing and, 54-55, 
62, 69 


Fructose 1,6-biphosphatase 


thioredoxin systems and, 


382 
Fruits 
sulfur metabolism and, 153 
Fucus spp. 
development of symmetry 
and, 350-51 
Fungi 
growth retardants and, 
514-15 
roots and cytoskeleton, 301 
selenium in higher plants 
and, 418 
signaling to actin 
cytoskeleton and, 257, 
270-74 
sulfur metabolism and, 143 
Fusicoccin 
signaling to actin 
cytoskeleton and, 277 


G 
Gain-of-function mutations 
high salinity and, 463-83 
Gender parity 
fifty years of research, 
1-16 
Genetics 
biotin metabolism and, 24, 
28-32, 36-37 
Ca** ATPases and, 433-56 
cereal chromosome 
structure and, 195-213 
development of symmetry 
and, 349-65 
high salinity and, 463-83 
nonphotosynthetic 
metabolism in plastids 
and, 111-32 
phloem transport and, 
323-42 
roots and cytoskeleton, 
298-302, 308-10 
signaling to actin 
cytoskeleton and, 273, 
275 
sugar sensing and, 49-53, 
55-71 
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sulfur metabolism and, 
141-58 
T-DNA transfer and 
integration, 223-43 
transgene silencing and, 
167-89 
Genomic bioinformatics 
high salinity and, 480-81 
Germination 
roots and cytoskeleton, 304 
seed 
sugar sensing and, 49, 
65-66 
gefp gene 
phloem transport and, 
334-35 
GFP-talin fusion protein 
signaling to actin 
cytoskeleton and, 261, 
277 
gib-] gene 
roots and cytoskeleton, 308 
Gibberella fujikuroi 
growth retardants and, 507, 
514-15 
Gibberellic acid 
roots and cytoskeleton, 
308-9 
sugar sensing and, 67-68 
Gibberellin 
growth retardants and, 
501-21 
Gigaspora margarita 
roots and cytoskeleton, 301 
gin gene 
sugar sensing and, 51-53, 
67 
Gliocladium virens 
selenium in higher plants 
and, 409 
Glomus versiforme 
roots and cytoskeleton, 301 
Glucans 
T-DNA transfer and 
integration, 229 
Glucose 


sugar sensing and, 51, 53, 


55-56, 59, 62, 69 
Glucose 6-phosphate 
dehydrogenase 
(G6PDH) 
thioredoxin systems and, 
385 
Glutamate 
chloroplast ATP synthase 
and, 88, 92 
sulfur metabolism and, 
154—55, 157 
Glutathione (GSH) 
selenium in higher plants 
and, 404—5, 407-10, 416 
sulfur metabolism and, 
141, 143, 152-57 
thioredoxin systems and, 
386 
Glutathione-S-conjugates 
sulfur metabolism and, 
152-53, 155-56 
Glycine 
sulfur metabolism and, 
143, 154, 156 
thioredoxin systems and, 
372, 383-84 
Glycophytes 
high salinity and, 466-67 
GN gene 


development of symmetry 
and, 352-53 


Graviperception 


roots and cytoskeleton, 
307-8 
Grayia spp 
selenium in higher plants 
and, 404 
Grindelia spp. 
selenium in higher plants 
and, 404 
Growth regulation 
roots and cytoskeleton, 
289-310 
Growth retardants 
brassinosteroids, 519 
conclusions, 521 
16, 17-dihydro-GAs, 


512-14 
ent-kaurene, 504 
flavonoid metabolism, 
519-20 
fungi, 514-15 
further important features 
of different growth 
retardants, 520-21 
GA)2-aldehyde, 504—5 
giberellin biosynthesis, 
503-5 
inhibitors of gibberellin 
biosynthesis, 505-15 
introduction, 502-3 
miscellaneous metabolic 
reactions, 520 
miscellaneous 
phytohormones, 515-17 
nitrogen-containing 
heterocycle, 508-10 
onium-type compounds, 
505, 507-8 
oxidation, 504—5 
side effects of gibberellin 
biosynthesis inhibitors, 
515-21 
sterol metabolism, 517-19 
structural mimics of 
2-oxoglutaric acid, 
510-12 
gss gene 
sugar sensing and, 51 
GTPases 
signaling to actin 
cytoskeleton and, 263, 
274 
Guard cells 
signaling to actin 
cytoskeleton and, 257, 
274-75, 277 
Guillardia theta 
thioredoxin systems and, 
376 
gurke gene 
development of symmetry 
and, 353 
Gutierrezia spp. 
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selenium in higher plants 
and, 404 
GVP gene 
transgene silencing and, 
185 


H 
Ht 
chloroplast ATP synthase 
and, 94 
H* -ATPases 
signaling to actin 
cytoskeleton and, 277 
H*/Ca** antiporter 
Ca** ATPases and, 437-38 
Halomonas elongata 
high salinity and, 474 
Halophytic plants 
high salinity and, 463-83 
Handedness 
of spiral phyllotaxy 
development of symmetry 
and, 349-60 
hba gene 
Sugar sensing and, 51 
Heavy metals 
sulfur metabolism and, 157 
thioredoxin systems and, 
375 
Herbicides 
biotin metabolism and, 23, 
26-27 
sulfur metabolism and, 156 
T-DNA transfer and 
integration, 231 
Heterochromatin 
cereal chromosome 
structure and, 206 
transgene silencing and, 
171, 174 
Hexokinase 
sugar sensing and, 49, 
52-58, 65, 67-68 
Hexose 
sugar sensing and, 49, 
54-58, 65-66, 69 
Higher plants 


phloem transport and, 
323-42 
selenium and, 401-23 
Histidine 
chloroplast ATP synthase 
and, 98 
thioredoxin systems and, 
389 
Histone H2A 
T-DNA transfer and 
integration, 231, 238, 
242 
hobbit gene 
development of symmetry 
and, 353 
hog gene 
transgene silencing and, 
176-77, 180 
Homeostasis 
high salinity and, 463-83 
Hordeum vulgare 
cereal chromosome 
structure and, 196 
selenium in higher plants 
and, 407 
thioredoxin systems and, 
374 
HVSTI1 gene 


selenium in higher plants 
and, 405 
Hydrogen 


thioredoxin systems and, 
372 
Hydrolysis 
endosperm protein, 12-13 
sulfur metabolism and, 
154-56 
Hydroxylation 


growth retardants and, 501, 


510-12 
Hyocyamus niger 
development of symmetry 
and, 352 
Hypochlorite 
selenium in higher plants 
and, 419 
Hypocotyl 


T-DNA transfer and 
integration, 241 


I 
Impatiens spp. 
roots and cytoskeleton, 
292, 295 
Inabenfide 
growth retardants and, 501, 
508-10 
Inflammatory response 
sulfur metabolism and, 156 
Insertions 
transgene silencing and, 
167 
Inside—outside axes 
development of symmetry 
and, 349-65 
Inside-out tip growth 
signaling to actin 
cytoskeleton and, 265 
Integration 
T-DNA 
Agrobacterium tumefaciens 
and, 223-43 
Interkingdom genetic 
exchange 
T-DNA transfer and 
integration, 223-43 
Ion channels 
Ca** ATPases and, 433-56 
high salinity and, 463-83 
signaling to actin 
cytoskeleton and, 274-77 
Isoleucine 
biotin metabolism and, 21, 
33 
Isoprenoids 
biotin metabolism in plants 
and, 17 


J 
Jasplakinolide 
signaling to actin 
cytoskeleton and, 260 
Juniperus chinensis 
roots and cytoskeleton, 291 
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K 
K* channels 
signaling to actin 
cytoskeleton and, 275-76 
K616 mutant 
Ca** ATPases and, 433-56 
Kalanchoe daigremontiana 
T-DNA transfer and 
integration, 230, 240 
Kanamycin 
T-DNA transfer and 
integration, 236 
KAT]-like genes 
signaling to actin 
cytoskeleton and, 275 
keulle gene 
roots and cytoskeleton, 
309-10 
Kinases 
sulfur metabolism and, 147 
Kinetics 
biotin metabolism and, 20, 
23 
selenium in higher plants 
and, 405-6 
sulfur metabolism and, 148 
kn gene 
development of symmetry 
and, 355 
knolle gene 
roots and cytoskeleton, 
309-10 


L 
Lateral organs 
development of symmetry 
and, 349-65 
Latrunculins 
signaling to actin 
cytoskeleton and, 261-62, 
269 
lba gene 
sugar sensing and, 51-52 
lea genes 
biotin metabolism and, 36 
Leaves 


development of symmetry 


and, 349-65 
selenium in higher plants 
and, 406-7 
signaling to actin 
cytoskeleton and, 269 
T-DNA transfer and 
integration, 241 
Lemna minor 
sulfur metabolism and, 
147, 155 
Leucine 
biotin metabolism and, 
17-22, 33, 35 
Leuconostoc spp. 
thioredoxin systems and, 
385 
Life cycle 
sugar sensing and, 49-71 
Light 
sugar sensing and, 66, 
69-70 
Light activation 
reversible 
thioredoxin systems and, 
371-89 
Light-mediated plastid 
positioning 
signaling to actin 
cytoskeleton and, 257, 
267-70 
Lipoylation 
protein 
biotin metabolism and, 
33-34 
Loading 
phloem transport and, 
325-28 
Lolium rigidum 
biotin metabolism and, 23 
Lolium spp 
cereal chromosome 
structure and, 206 
Lolium temulentum 
growth retardants and, 512 
Long-distance response 
coordination 
high salinity and, 476-78 


Long-distance signaling 
phloem transport and, 
323-42 
Long tandem arrays 
cereal chromosome 
structure and, 200-1 
Loss-of-function mutations 
high salinity and, 463-83 
LUC gene 
transgene silencing and, 
184 
Lucifer yellow vinyl sulfone 
chloroplast ATP synthase 
and, 87-88, 98 
Lycopersicon esculentum 
selenium in higher plants 
and, 407 
sulfur metabolism and, 155 
Lysine 
biotin metabolism and, 18, 
35, 37 
chloroplast ATP synthase 
and, 98 


M 
Machaeranthera spp. 
selenium in higher plants 
and, 404 
Macrolides 
signaling to actin 
cytoskeleton and, 260-62, 
269 
Macromolecules 
roots and cytoskeleton, 
289-310 
unloading 
phloem transport and, 
323-42 
Magnaporthe grisea 
signaling to actin 
cytoskeleton and, 270-73 
Maize seedling system 
history of research, 11-15 
Maize streak virus 
T-DNA transfer and 
integration, 240 
Malate valve 
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thioredoxin systems and, 
385 
Mannose 
sugar sensing and, 51, 53, 
63 
Marah macrocarpus 
growth retardants and, 509 
Marchantia polymorpha 
sulfur metabolism and, 145 
Marinococcus halophilus 
high salinity and, 474 
Maternal orientation 


development of symmetry 


and, 349-65 
Melampsora spp 
signaling to actin 
cytoskeleton and, 271-72 
Membrane transport 
ion 
high salinity and, 463-83 
Mepiquat chloride 
growth retardants and, 501, 
505. 507-8 
Mercaptans 
sulfur metabolism and, 156 
Meristem 
development of symmetry 
and, 349-65 
phloem transport and, 333 
roots and cytoskeleton, 
291-92, 296, 299, 304 
[T-DNA transfer and 
integration, 241 
Mesembryanthemum 
crystallinum 
high salinity and, 465 
nonphotosynthetic 
metabolism in plastids 
and, 130 
Mesocoty] 
[-DNA transfer and 
integration, 240 
Mesophyll 
phloem transport and, 333 
signaling to actin 
cytoskeleton and, 269, 


771 


T-DNA transfer and 
integration, 241 
thioredoxin systems and, 
385 
Mesotaenium caldariorum 
signaling to actin 
cytoskeleton and, 269 
Messenger RNA (mRNA) 


biotin metabolism and, 20, 


32, 35-37 
development of symmetry 
and, 353 
nonphotosynthetic 
metabolism in plastids 
and, 130 
phloem transport and, 
323-42 
roots and cytoskeleton, 
299-300 
sugar sensing and, 52 
64-65 
sulfur metabolism and, 
144, 148 
thioredoxin systems and, 
375 
transgene silencing and, 
167 
MET! gene 
transgene silencing and, 
175-76, 182 
Metabolism 
biotin, 17-37 
growth retardants and, 
514-15, 517-20 
high salinity and, 474 
nonphotosynthetic 
plastids and, 112-32 
selenium in higher plants 
and, 401, 405-6 
sulfur 
molecular and genetic 
studies, 141-58 
thioredoxin systems and, 
371-89 
Metaphase 
cereal chromosome 


structure and, 198 


Methanobacterium 


thermoautotrophicum 
thioredoxin systems and, 
377 
Methionine 
biotin metabolism and, 18, 
35 
selenium in higher plants 
and, 406, 411-22 
sulfur metabolism and, 
143, 157 
Methylation 
transgene silencing and, 
167, 173-76, 180, 187 
Methylcrotonoyl-CoA 
carboxylase 
biotin metabolism and, 17, 
19-22 
Mevalonate shunt 
biotin metabolism and, 19, 
21 
Mg>* 
chloroplast ATP synthase 
and, 92-93, 95-96 
Michaelis-Menten kinetics 
selenium in higher plants 
and, 405 
sulfur metabolism and, 148 
Microfilaments 
roots and cytoskeleton, 
289-310 
signaling to actin 
cytoskeleton and, 257-77 
Microsatellites 
cereal chromosome 
structure and, 200 
Microsomes 
sulfur metabolism and, 155 
Microtubules 
roots and cytoskeleton, 
289-310 
signaling to actin 
cytoskeleton and, 
mig gene 
sugar sensing and, 51, 53 
Mimosa pudica 
sulfur metabolism and, 147 
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Mimosine 
T-DNA transfer and 
integration, 241 
Minisatellites 
cereal chromosome 
structure and, 200 
Mitochondria 
biotin metabolism and, 
19-22, 32 
chloroplast ATP synthase 
and, 83-104 
sulfur metabolism and, 
149, 153 
thioredoxin systems and, 
371-89 
Mitotic spindle 
roots and cytoskeleton, 
295-97 
Mobile elements 
transgene silencing and, 
167 
Monocots 
biotin metabolism and, 18 


development of symmetry 


and, 355 
nonphotosynthetic 
metabolism in plastids 
and, 116-19 
Monophyllea horsfieldii 
development of symmetry 
and, 360 
Morinda reticulata 
selenium in higher plants 
and, 403, 414 
Mougeotia spp 
signaling to actin 
cytoskeleton and, 269 
MP gene 
development of symmetry 
and, 353 
mpsI gene 
signaling to actin 
cytoskeleton and, 273 
MUN gene 
roots and cytoskeleton, 310 
myb-like transcription factor 
T-DNA transfer and 


integration, 231 
Mycorrhizal fungi 
roots and cytoskeleton, 301 
Myosins 
signaling to actin 
cytoskeleton and, 259, 
261, 270 


N 
Na* 
chloroplast ATP synthase 
and, 96 
NACP gene 
phloem transport and, 
335-36 
NADP-dependent malate 
dehydrogenase 
thioredoxin systems and, 
384-85 
NADPH oxidase 
signaling to actin 
cytoskeleton and, 274 
NADPH:thioredoxin 
reductase 
thioredoxin systems and, 
371-89 
Neocentromeres 
cereal chromosome 
structure and, 200, 204 
Neptunia amplexicaulis 
selenium in higher plants 
and, 403, 414 
Neurospora crassa 
transgene silencing and, 
181 
Nicardipine 
sugar sensing and, 59 
Nicking 
T-DNA transfer and 
integration, 225—26 
Nicotiana spp 
selenium in higher plants 
and, 408 
T-DNA transfer and 
integration, 229 
transgene silencing and, 
184-85 


Nitella flexilis 
roots and cytoskeleton, 302 
Nitrate reductase 
history of research, 13-15 
sugar sensing and, 62 
Nitrogen 
nonphotosynthetic 
metabolism in plastids 
and, 111-32 
selenium in higher plants 
and, 405-6 
signaling to actin 
cytoskeleton and, 264-67 
sulfur metabolism and, 
142, 150 
Nitrogen-containing 
heterocycle 
growth retardants and, 501, 
508-10 
Nodulation factors 
bacterial 
signaling to actin 
cytoskeleton and, 257, 
264-67 
Noncatalytic sites 
chloroplast ATP synthase 
and, 92-94 
Noncyclic isoprenoids 
biotin metabolism and, 17 
Nonhost resistance 
signaling to actin 
cytoskeleton and, 257 
Nonphotosynthetic 
metabolism 
ATP/ADP transporter, 
125-27 
ATP import, 126-27 
carbohydrate oxidation, 
124-25 
metabolic cross-talk in 
Storage tisues and 
plastids, 127-28 
nitrogen assimilation and 
amino acid synthesis, 
122-24 
plastid 
anabolic pathways, 
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113-24 

cofactors, 121-22 
energy supply, 124-26 
fatty acid synthesis in 
storage tissues, 119-22 
introduction, 111-13 
116-19 
perspective, 131-32 


monocots 


spatial and temporal 
integration, 127-31 
starch accumulation, 
115-16 
starch amyloplasts, 
114-15 
starch synthesis, 113, 
115-19 
summary, 131-32 
Nopaline 
T-DNA transfer and 
integration, 228-29 
Nuclear localization signal 
sequences 
T-DNA transfer and 


integration, 232-34 


Nuclear pore complex 
T-DNA transfer and 


integration, 227 


Nuclear processes 
sugar sensing and, 64 
Nuclear targeting 
T-DNA transfer and 
integration, 223-43 
Nucleic acid transfer 
[T-DNA transfer and 
integration, 223-43 
Nucleoredoxin 
thioredoxin systems and, 
327 
Nucleotide binding 
chloroplast ATP synthase 
and, 92-96 
Nuts 


sulfur metabolism and, 153 


O 
Octopine 
T-DNA transfer and 


integration, 229 
Oenothera spp. 
cereal chromosome 
structure and, 203 
Onium compounds 
growth retardants and, 501, 
505, 507-8 
Oonopsis spp. 
selenium in higher plants 
and, 403 
Organelles 
nonphotosynthetic 
metabolism in plastids 
and, 111-32 
Organic compounds 
sulfur metabolism and, 
141-58 
Oryza sativa 
cereal chromosome 
structure and, 196 
thioredoxin systems and, 
386 
Oryzacystatin-I 
phloem transport and, 335 
Oryzalin 
roots and cytoskeleton, 300 
Osmolytes 
high salinity and, 463-83 
Overdrive binding 
T-DNA transfer and 
integration, 226 
Oxidation 
growth retardants and, 
504-5 
nonphotosynthetic 
metabolism in plastids 
and, 124~—25 
sulfur metabolism and, 
141, 143 
Oxidative metabolism 
nonphotosynthetic 
metabolism in plastids 
and, 111-32 
Oxidative pentose phosphate 
pathway 
nonphotosynthetic 
metabolism in plastids 


and, 122-25 
2-Oxoglutaric acid 
growth retardants and, 501, 
510-12 
Oxygen 
selenium in higher plants 
and, 420 
signaling to actin 
cytoskeleton and, 273-74 


P 
Paclobutrazol 
growth retardants and, 501, 
508-10 
roots and cytoskeleton, 308 
PAI genes 
transgene silencing and, 
176-77 
Pairing 
chromosome 
cereal chromosome 
structure and, 195, 
205-13 
-apaver rhoeas 
signaling to actin 
cytoskeleton and, 263-64 
Paramutator 
transgene silencing and, 
175 
Pathogen attack 
phloem transport and, 
323-42 
signaling to actin 
cytoskeleton and, 257, 
270-74 
T-DNA transfer and 
integration, 223-43 
transgene silencing and, 
167 
PDS gene 
transgene silencing and, 
185 
Penicillin-G 
selenium in higher plants 
and, 418 
Periredoxins 
thioredoxin systems and, 
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374 
Pesticides 
sulfur metabolism and, 156 
Petunia spp. 
T-DNA transfer and 
integration, 230, 241 
pH 
signaling to actin 
cytoskeleton and, 261, 
263 
thioredoxin systems and, 
374 
Ph! locus 
cereal chromosome 
structure and, 195, 
209-11 
Phalloidin 
signaling to actin 
cytoskeleton and, 260, 
262, 264, 268, 271, 
275-76 
Phaseolus coccineus 
growth retardants and, 511 
Phaseolus spp. 
sugar sensing and, 68 
Phaseolus vulgaris 
growth retardants and, 514 
roots and cytoskeleton, 
299, 302 
signaling to actin 
cytoskeleton and, 266 
PHB gene 
development of symmetry 
and, 365 
Phenols 
T-DNA transfer and 
integration, 226 
Phenylalanine 
thioredoxin systems and, 
384, 386 
Phleum pratense 
roots and cytoskeleton, 291 
Phloem 
sulfur metabolism and, 153 
thioredoxin systems and, 
387 
Phloem transport 


macromolecule unloading 
and 
apoplastic loading, 
325-28 
CmPP16 protein, 330 
conclusions, 341-42 
entering SE-CC 
complex, 325 
introduction, 324-25 
molecular mass, 338 
P-proteins, 329-30 
postphloem sorting of 
macromolecules, 340-41 
Stokes radius, 338 
superhighway or sewage 
system, 336-37 
symplastic loading, 
325-28 
synthesis of 
macromolecules within 
companion complex, 
328 
synthesis of molecules 
outside of companion 
complex, 331 
systemin, 333-34 
transcription factors, 
332-33 
translocation of mRNAs, 
335-36 
unloading of 
macromolecules, 338-39 
unloading sieve element, 
337 
viruses, 331—32 
Phosphate 
chloroplast ATP synthase 
and, 83-104 
Phosphinothricin 
T-DNA transfer and 
integration, 231 
Phosphoribulokinase 
thioredoxin systems and, 
383 
phosphorylation 
chloroplast ATP synthase 
and, 96 


Phosphorylation 
Ca** ATPases and, 433-56 
high salinity and, 476 
roots and cytoskeleton, 301 
signaling to actin 
cytoskeleton and, 270, 
275 
sugar sensing and, 62 
sulfur metabolism and, 144 
Photodinesis 
signaling to actin 
cytoskeleton and, 
Photosynthesis 
signaling to actin 
cytoskeleton and, 267, 
269 
sulfur metabolism and, 
141, 149 
thioredoxin systems and, 
371-89 
phox proteins 
signaling to actin 
cytoskeleton and, 27 
Phragmoplast 
roots and cytoskeleton, 
295-98, 308 
Phyllotaxy 
spiral 


development of symmetry 
and, 349, 359-60 
Phytochelatins 
sulfur metabolism and, 
143, 149, 157 
Phytochrome 


signaling to actin 
cytoskeleton and, 267, 
269-70 
sugar sensing and, 68, 70 
Phytohormones 
growth retardants and, 
501-21 
sugar sensing and, 49, 66, 
70 
Phytophthora spp 
signaling to actin 
cytoskeleton and, 271-72 
Phytoremediation 
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selenium in higher plants 
and, 401, 420-22 
Phytovolatilization 
selenium in higher plants 
and, 401, 409-22 
Pilot protein 
T-DNA transfer and 
integration, 226 
Pilus 
T-DNA transfer and 
integration, 223-43 
pilz gene 
roots and cytoskeleton, 
297, 310 
Pimelic acid 
biotin metabolism and, 19 
PIN] gene 
development of symmetry 
and, 357 
Pinus radiata 
T-DNA transfer and 
integration, 240-41 
Pisum sativum 
T-DNA transfer and 
integration, 241 
Plant science 
fifty years of research, 
1-16 
Plasma membrane 
Ca** ATPases and, 433-56 
high salinity and, 471 
roots and cytoskeleton, 
293-94 
signaling to actin 
cytoskeleton and, 263, 
265, 269, 274 
sulfur metabolism and, 
144-45, 155, 157 
Plasmids 
phloem transport and, 335 
T-DNA transfer and 
integration, 223-43 
Plasmodesmata 
phloem transport and, 323 
Plastids 
nonphotosynthetic 
metabolism and, 112-32 


signaling to actin 
cytoskeleton and, 257, 
267-70 
sulfur metabolism and, 145 
Poa annua 
biotin metabolism and, 23 
Pollen tube tip growth 
signaling to actin 
cytoskeleton and, 257, 
260-64 
Polyglycylation 
roots and cytoskeleton, 301 
Polymerization 
roots and cytoskeleton, 
293, 300 
signaling to actin 
cytoskeleton and, 258-60, 
275, 277 
Polyploidy 
cereal chromosome 
structure and, 195-213 
Polysaccharides 
T-DNA transfer and 
integration, 229 
Polysomes 
roots and cytoskeleton, 292 
Populus spp. 
roots and cytoskeleton, 298 
Porphyra yezoensis 
sulfur metabolism and, 147 
Porphyrea purpurea 
thioredoxin systems and, 
376 
Positive cooperativity 
sulfur metabolism and, 148 
Postphloem sorting 
phloem transport and, 
340-41 
Posttranslational 
modifications 
roots and cytoskeleton, 301 
signaling to actin 
cytoskeleton and, 259 
transgene silencing and, 
167 
Potexviruses 
transgene silencing and, 


172, 183-86 
Potyviruses 
transgene silencing and, 
180 
P-proteins 
phloem transport and, 
329-30 
Preprophase band 
roots and cytoskeleton, 
294-96, 302 
Prepropilin 
T-DNA transfer and 
integration, 226 
Prevacuolar trafficking 
high salinity and, 473 
PRL protein 
sugar sensing and, 49, 51, 
63-64 
Profilin 
signaling to actin 
cytoskeleton and, 259, 
263 
Prohexadione-Ca 
growth retardants and, 501, 
510-12 
Proline 
high salinity and, 475 
thioredoxin systems and, 
372, 386 
Promoters 
transgene silencing and, 
169, 171, 173, 177 
Propiogenium modestum, 96 
Propiogenium modestum 
chloroplast ATP synthase 
and, 96 
Propionibacterium shermanii 
biotin metabolism and, 18 
Proteases 
T-DNA transfer and 
integration, 228 


Protein interaction analysis 
high salinity and, 463-83 
Protein transfer 
T-DNA transfer and 
integration, 223-43 
Proteins 
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biotin metabolism and, 17, 
33-37 
Protons 
chloroplast ATP synthase 
and, 83-104 
signaling to actin 
cytoskeleton and, 275 
Protoplasts 
roots and cytoskeleton, 295 
T-DNA transfer and 
integration, 230 


Proximal—distal assymetry 


development of assymetry 
and, 361 
psbA gene 
thioredoxin systems and, 
386 
pscA gene 
T-DNA transfer and 
integration, 229 
Pseudomonas spp. 
biotin metabolism and, 22 
PTGS transcription 
transgene silencing and, 
167, 170-72 
Pyrenylmaleimide 
chloroplast ATP synthase 
and, 87 


Q 
quill gene 
roots and cytoskeleton, 309 
Quizalofop 
biotin metabolism and, 27 


R 
Rabl configuration 
cereal chromosome 
structure and, 206 
Rac/Rop GTPases 
signaling to actin 
cytoskeleton and, 263 
rad5 gene 
T-DNA transfer and 
integration, 236-37 
Radial assymetry 
development of assymetry 


and, 363-64 
ram gene 
sugar sensing and, 51 
Raphanus sativus 
selenium in higher plants 
and, 407 
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